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EDITORIAL 
Possible Functions of la,25-Dihydroxyvitamin Ds, an Active Form of 
Vitamin D 3 , in the Differentiation and Development of Skin 
The s kin is important in the synthesis of vitamin D:~ (for 
review, see [ 1]). In the epidermis, mainly in the malpighian 
layer, vitamin D" (cholecalciferol) is formed from provitamin 
D:1 (7-dehydrocholesterol) via previtamin D" on expo!'ure to 
su nlight. The vitamin 0 -binding protein in the plasma 
translocates vitamin D:~ from the skin to the circulation. 
Vitamin D" is then hydroxylated in the liver at the 2.5-position 
and the resulting 2.5-hydroxyvitamin D:~ is further hydroxylated 
at the lH-pOsition, mainly in the kidney. under hormonal 
contr ol to form l n,2.5 -dihydroxyvitamin D:~ [ln,25(0Hl2D:~ I (for 
review, see 121). 
lrv,25(0HhD:~ is present in the plasma at a concentration of 
about 0.1 nM (40 pg/ ml) and acts by a receptor-mediated 
mechanism. It is. therefore. considered today as a hormone, 
rather than a vitamin. 
l£Y,25(0H)2 0:t has long been known to regulate the blood 
calci urn leve l bv e nhan ci ng intestinal calcium transport and 
bone minera l m~bilization. However , a specific cytosol/nuclear 
receptor for l n,25(0 H)20 :1 has been found in almost all tissues 
examined except the liver and skeletal mu cle (fo r review. 
[2]). This wide distribution of the receptor indicates that the 
physiologic roles of ln,2.'i(0HbD:~ are not limited to calcium 
homeostasis, and that lll,2.'i(OHl2D:1 may also have othe r 
functions, such as in cell differenti ation, proliferation. a nd even 
tumor development (for reviews, see [2- 41). 
The s kin is a lso known to contain a specific receptor for 
la,25(0HbD,.. The presence of this receptor has been examined 
in whole skin, the epidermal and dermal layers, and cultures of 
epidermal keratinocytes and dermal fibroblasts, as shown in 
Table I. Both epidermal and dermal cells conta m a specific 
receptor, although their reported Kd and N.,., value, in different 
materials vary. The paper by Horiuchi et al [9J, published in 
this is ue, demonstrates for the first time change of the receptor 
in mou. e skin during development from the fetus to the adult. 
Horiuchi et al also measured the developmental change of the 
receptor in the intestine, and their result . a re well illustrated 
in Fig 3 of their paper. The recepto r appears in these tissues 
before birth. In the s kin , the number of binding sites increases 
markedly in the neonatal stage and reaches a maximum on day 
10 after birth , but after weaning it declines slightly. In contrast, 
the receptor of the intestine increased after weaning. The 
affinity and sedimentation coefficients of the receptor in the 
skin and intestine were , imilar in mice of all ages studied. 
Developmental change of the receptor may be associated 
with hormonal responsiveness and therebv with cellular 
functions at different stages of cell · differentiation. 
Developmental changes in the receptor have al:::o been studied 
in the intestine during the neonatal period of rats [12) and in 
the duodenum and cartilage tissues of chick embryos [13,14] . 
Horiuchi et al in this issue demonstrated that during the 
neonatal period, in which the receptor increases markedly, the 
epidermal and dermal layers thicken rapidly and hair grows, 
suggesting that la,25(0H)zD:~ plays a role in epidermal 
differentiation and proliferation. Indeed, we showed previously 
that 1cv,25(0Hl2D3 regulates terminal differentiation of mouse 
epidermal cells in primary culture [10]. In the presence of 
lcv,2.5(0HhD" at concentrations of 0.12- 12 nM, basal cells 
decreased sha rply and underwent differentiation into squamous 
ce lls. which formed cornified envelopes and sloughed off into 
the medium. A receptor-mediated mechanism of action of 
ln,25(0HbD:~ was suggested from the presence of a . pecific 
receptor for lcv.25(0HbDa, and the Rpecificity of this action 
compared with those of other metabolites. In keeping with this 
observation, Stumpf et a! 115] demonstrated bv 
autoradiography that ln,25(0H)20 3 was concentrated in basal 
ce ll s of the epidermis and in outer hair shafts and sebaceus 
glands. 
Recently we showed that melanin ynthesis of murine 
melanoma cells was also stimulated by ln.25(0Hl 20 :1 116]. If 
similar . timulation occurs in epidermal melanocvtes in vivo 
lcv,25(0HlzD3 may act in a negative feedback n~echanism of 
metabolism of vitamin D:~, preventing penetration of sunlight 
into the epidermis, and thereby preventing conversion of 
provitamin 0 :1 to vitamin o~. 
There a re ::;orne suggesti e data on lo,25(0HbD:~- mediated 
regulation of vi tamin 0 ,, metabolism in the skin. Esvelt et al 
[17] reported that administration of 1 n.2f>(O H )z03 to vitamin 
D-deficient raL increased the cutaneous provitamin D:~ 
concent ra tion. Furthermore, Holick et a! [18] reported that 
incubation of human keratinocytes with 1Cl',2.5(0H) 20:~ slightly 
TABLE I. Specific receptor [or ltv,25(()HJ./)0 in the .<kin 
Species 
Human 
Human 
Human 
Human 
Human 
Human 
M ouse 
Mouse 
Cell type 
Epidermis 
Epiderma l cells in primary cultu re 
Dermis 
Dermal fibroblasts in primary culture 
Dermal fibroblasts at 8th- 12th passage 
Skin fibroblasts at early passages 
Whole skin 
Whole skin 
Mouse Epidermal cells in primary cu lture 
Rat Epidermis 
Only reports that determined Kd and Nm .. values are listed. 
o Unless otherwise specified. 
Age 
Adult 
Newborn 
Adult 
Newborn 
Newborn 
Adult 
Pup 
Fetu~ 
ewborn 
Adult 
Newborn 
Newborn 
459 
Receptor for I ",25(0H)2D0 
ReferencE' 
Kd (pM) (fmol/mg protein)• 
11 .7 17.2 ]5 ] 
80 8.7 16] 
0- 2.8 [5] 
100 6.2 [6] 
270- 340 41 - 44 [5] 
500 I 0,600 nuclear sites per cell [7] 
240 103 ]8] 
530 170 pmol/mg DNA [9] 
500 670 pmol/mg DNA 
350 :l70 pmol/mg DNA 
54 43 110] 
140 31 [11) 
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increased the amount of provitamin Da, possibly by inhibiting 
conversion of provitamin D:~ to cholesterol. These results 
suggest a positive, rather than a negative, feedback mechanism 
of l a,25(0Hh0~ in the metabolism of vitamin 0~. Further 
studies are needed for regulation of vitamin Da metabolism in 
the skin . 
In the intestine, l a ,25(0Hh0, increases synthesis of 
ca lcium-binding protein, which in turn stimulates absorption 
of calcium. A similar vitamin 0 -dependent calcium-binding 
protein was recently found in rat epidermis [19]. This particular 
protein may act on the proliferation and differentiation of 
epidermal cells, as suggested by Hennings et al [20] from studies 
on mouse epidermal cells in low-calcium medium . 
Thus, all the existing data indicate that la,25(0H)2D~ is 
involved in the regulation of differentiation and proliferation 
of epidermal cells. The paper of Horiuchi et a! in this issue 
provides new evidence that this hormone also acts on ontogeny 
of certain tissues, including skin, in developing mice. 
Toshio Kuroki, M.D. 
Institute of Medical Science 
University of Tokyo 
Tokyo, Japan 
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